Background: Although prostate-specific antigen (PSA) testing is used for prostate cancer detection and posttreatment surveillance, thresholds in these settings differ.
| INTRODUCTION
After radical prostatectomy, up to one-third of men will experience a rising prostate-specific antigen (PSA) level indicating recurrent or persistent prostate cancer. 1, 2 Given evidence supporting early treatment of recurrent disease (eg, at PSA < 0.5 ng/mL), [3] [4] [5] [6] [7] guidelines recommend annual PSA surveillance for men treated surgically for prostate cancer. 8 However, determinants of guideline adherence and quality of cancer surveillance after prostate cancer surgery remain unclear. Medicare data for men over 65 years of age suggest annual adherence is initially high, but declines over time. 9, 10 Surveillance among younger and Black men, who potentially have the most to gain from appropriate cancer surveillance and early salvage treatment due to greater life expectancy 11 and higher risk disease, 12, 13 has not been well-described. Lastly, prior studies have not examined whether postoperative PSA values influence surveillance patterns. We wondered whether providers might be mistakenly using common screening cutoffs (eg, 4 ng/mL) as their primary threshold for doing more or less aggressive cancer surveillance in the post-prostatectomy setting. The screening cutoffs are not appropriate after prostate cancer surgery, where much lower cutoffs (ie, 0.2 ng/mL) indicate treatment failure and prompt salvage radiotherapy. 14 This raises concerns about missed opportunities for potentially life-saving salvage radiation treatment. 4 With over 3 million US prostate cancer survivors, 15 clarity regarding quality of cancer surveillance and areas for improvement is needed.
For these reasons, we conducted a study to better understand guideline concordance and quality of PSA surveillance among men undergoing prostate cancer surgery in a national integrated delivery system. We used Veterans Health Administration (VA) data for this study, which, in contrast to Medicare data, have a relatively large population of younger and Black men, as well as PSA test values that drive decisionmaking. The VA is generally found to perform similarly or better than Medicare in non-VA hospitals on reported quality measures and outcomes, including those for cancer. [16] [17] [18] Our findings identify broad opportunities for survivorship care planning efforts to improve the quality of prostate cancer surveillance and care.
| METHODS

| Study population
Our study population included men with biopsy-proven incident prostate cancer diagnosed between January 2005 and December 2008, with follow-up through 2012, identified using the Veterans Administration Central Cancer Registry. We included men with nonmetastatic prostate cancer who underwent radical prostatectomy within 1 year of diagnosis. We excluded men with a prior diagnosis of prostate or other malignancy, hospice enrollment within 30 days, diagnosis at autopsy, and androgen deprivation therapy (ADT) or radiotherapy prior to or within 1 year of surgery. We also excluded men who died within 2 years following radical prostatectomy to allow for at least two annual PSA tests for each patient. We extracted cancer registry data, including biopsy Gleason score, pretreatment PSA level, clinical tumor stage, and surgical margin status. We collected demographic information, including age at diagnosis, race, ethnicity, marital status, and | 7905 CHAPMAN et Al.
ZIP code. We used diagnosis codes to calculate comorbidity scores. 19 
| PSA surveillance after surgery
We used laboratory files within the VA Corporate Data Warehouse to identify the date and value of PSA tests after surgery. We started the surveillance period 60 days after surgery through 31 December 2012 and defined guideline concordance as receiving at least one PSA test within each 12-month period. Each patient was eligible for at least 4 years of follow-up. Next, we determined the maximum PSA value in the preceding year for each person-year of follow-up.
Lastly, we used administrative and pharmacy claims data to identify salvage radiotherapy or ADT after surgery. We censored patients at receipt of these treatments since our primary objective for this study was to understand surveillance patterns and quality after surgery, but before treatment for recurrence. Patients being treated for recurrence typically follow with medical or radiation oncologists, rather than primary care providers as might happen after surgery. Given the risk of ascertainment bias due to patients receiving salvage treatment outside of the VA, we also performed a sensitivity analysis in which patients were not censored in this fashion. We also censored patients at death.
| Guideline concordance and quality of
PSA surveillance
Our primary outcome was receipt of annual guideline-concordant PSA surveillance over the study period described above.
| Assessing the association between PSA values and guideline concordance after surgery
We hypothesized that prior postoperative PSA values would influence guideline concordance. More specifically, we hypothesized that some providers performing surveillance might confuse the laboratory reference thresholds for screening (ie, 4 ng/mL) and biochemical failure after surgery (>0.2 ng/ mL), and would be more likely to refer patients for salvage treatment only when their PSA values surpassed 4 ng/mL, resulting in increased PSA surveillance above this threshold and lower quality care. Additionally, we hypothesized that an undetectable (vs detectable) PSA level in the prior year would be associated with less concern for recurrence and subsequently decreased surveillance, and vice-versa.
Our primary exposure was therefore the prior year's postoperative PSA value. We defined several categories based on thresholds corresponding to existing guidelines, including 0.2 ng/mL as a common definition of biochemical failure, 20,21 and 4 ng/mL as the upper limit of normal in most laboratories. 22 In order to help differentiate a threshold effect at 4 ng/mL vs a continuous increase, we defined two categories for PSA values greater than 4 ng/mL: >4-6 and >6 ng/ mL. This resulted in the following categories for the prior year's PSA value for each patient: 0, >0-0.2, >0.2-1, >1-4, >4-6, and >6 ng/mL. If no PSA was obtained in a given year, we used the last value carried forward approach. If no PSA values were obtained in any of the preceding years, the prior year's PSA value was defined as missing. The primary hypothesis was that PSA concordance would be greater for prior year postoperative PSA values of >4-6 vs >1-4.
| Statistical analysis
We used descriptive statistics to characterize our cohort. Less than 5% of baseline demographic variables were missing for all categories, except for clinical tumor stage (6.0% missing) and surgical margins (14% missing). We therefore performed multiple imputation, generating 10 imputations using all baseline clinical and demographic variables, year of diagnosis, region (geographically divided administrative areas called Veterans Integrated Services Networks), and year 1 PSA guideline concordance.
Next, we calculated the annual guideline concordance rate for each year of follow-up overall, and by race/ethnicity. We examined bivariable relationships between guideline concordance and the preceding year's maximum PSA values, as well as baseline clinical and demographic factors, and year of diagnosis, using multilevel logistic regression modeling to account for clustering at the patient level. 23 To further explain the relationship between postoperative PSA values and guideline concordance, we generated a multilevel, multivariable model to account for both patient-level clustering and baseline characteristics.
Analyses were performed using Stata Version 15. We considered a two-sided P value of <.05 as statistically significant. This study was approved by the VA Ann Arbor Healthcare System Institutional Review Board and a waiver of informed consent was received. Table 1 , we evaluated annual PSA surveillance for 10 400 men treated with radical prostatectomy. There was a broad range of ages from 34 to 95 years, with a mean of 62 years. Nearly one-quarter of prostate cancer survivors were Black (23%), 57% were married, 55% had a comorbidity score of 0, and 19% lived in a rural area. Most men had intermediate risk disease and negative surgical margins. Receipt of postoperative ADT and radiotherapy was uncommon, with less than one in 10 men receiving these treatments in our delivery system. Annual guideline concordance was initially very high (95% in year 1), but declined over time (79% in year 7), with Figure 1 demonstrating rates by race/ethnicity. The average patient-level guideline concordance was 87%. On unadjusted bivariate analyses, annual guideline concordance was less common among patients who were not married, and more common among patients with Gleason 7 disease (vs 6), positive margins, and Hispanic ethnicity (P < .05). We also found an age-related association with guideline concordance for both age and age 2 was no longer significant. Age, age 2 , Hispanic ethnicity, and marital status remained significant predictors (P < .01), as did the prior year's PSA values, demonstrating a threshold effect illustrated in Figure 2 when PSA values exceeded a threshold of 4 ng/mL (marginal prediction, averaged over all other variables in the multivariable model, aOR 2.19 for PSA > 4-6 ng/mL vs PSA >1-4 ng/mL, 95% CI 1.20-4.03; P = .01; Table 2 ). Exploratory analysis for other PSA values revealed that concordance sequentially increased for PSA values of 0, >0-0.2, and >0.2-1 ng/mL, but subsequently decreased for values of >1-4 (aOR 1.42 for >0.2-1 ng/mL vs 1.00 for >1-4 ng/mL, 95% CI 1.09-1.86; P = .009; Table 2 ). Figure 3 illustrates worse annual adjusted surveillance at the extremes of age (marginal prediction, averaged over all other variables in the model).
| RESULTS
As shown in
In our sensitivity analysis, in which patients were not censored at the time of receipt of radiotherapy or ADT, significance was unchanged for all variables except Gleason 7 disease, which became significant (vs Gleason 6, aOR 1.13; P = .03; 95% CI 1.01-1.27) and baseline PSA, which was no longer significant. A prior year PSA of >4-6 ng/mL continued to predict for increased surveillance compared to PSA > 1-4 ng/mL (aOR 2.34; 95% CI 1.30-4.21; P = .005).
| DISCUSSION
This national study examined guideline concordance with annual PSA surveillance after radical prostatectomy, including the unique relationship between postoperative PSA values and quality of cancer surveillance. We found guideline concordance sharply increases when the preceding year's PSA values rose beyond 4 ng/mL. This suggests that providers may be using a threshold not relevant in the postoperative setting, but traditionally associated with early detection (ie, screening) as a stimulus to intensify cancer surveillance. In addition, the lower rates of surveillance we describe beneath the threshold likely lead to less effective salvage treatment. Although overall guideline concordance was high, we found lower guideline concordance among men who were Black, not married, and at the extremes of age including younger men in the full model.
Our most notable finding is the association between guideline concordance and the preceding year's PSA values. PSA values might influence cancer surveillance patterns for a number of reasons. First, low or undetectable values might provide premature reassurance to patients and providers, decreasing subsequent surveillance. Indeed, we observed that having an undetectable PSA was associated with a lower likelihood of surveillance than having PSA levels between 0.2 and 1. However, patients with initially undetectable PSA levels remain at risk of prostate cancer recurrence and local disease recurrence for up to 10 or more years after surgery. 1, 21 A second explanation for the association between PSA values and surveillance patterns likely involves transitions of care from primary care providers to urologists and oncologists in the setting of recurrence (ie, higher PSA values, particularly over 4 ng/mL). When patients experience biochemical recurrence, providers may refer them back to urology, or medical or radiation oncology for salvage treatment. These referrals likely result in more frequent PSA monitoring with the goals of establishing the PSA trajectory before deciding F I G U R E 2 Guideline concordance by prior year prostate-specific antigen (PSA) values. Model-predicted annual PSA guideline concordance by prior year PSA value among 10 400 patients surviving at least 2 years without receipt of salvage therapy. *denotes statistically significant guideline concordance compared to PSA > 1 and ≤4 (P < .05) upon further treatment or closely monitoring PSA levels after radiotherapy or ADT initiation. Indeed, quality prostate cancer surveillance after surgery should lead to earlier salvage treatment (ie, at PSA levels <0.5 ng/mL) with subsequent better progression-free, metastasis-free, and overall survival outcomes as demonstrated in randomized trials. 3, 4, 7 Interestingly, we identified a striking increase in guideline concordance once the prior year PSA values crossed the threshold of 4 ng/mL. The lack of evidence of any additional increase at other higher PSA thresholds (eg, 6 ng/mL) further suggests that 4 ng/mL represents a true threshold for increased surveillance, as opposed to an arbitrary marker of increased disease burden leading to more aggressive PSA monitoring. As described above, this cutoff should not be applied after prostatectomy where the definition of biochemical recurrence remains much lower (eg, detectable or ≥0.1-0.2 ng/ mL). 8, 20 This is common knowledge for oncologists treating prostate cancer (ie, urologists, radiation, and medical oncologists), but may not be appropriately conveyed to primary care providers during survivorship care transitions, or crowded out of the PCPs operational memory by the more common exposure to and use of screening thresholds for prostate cancer. 24 Both primary care and oncology providers may relate to our findings given that the PSA reference ranges embedded in laboratory reports are based on screening thresholds.
Regardless of the cause, decreased rates of surveillance will increase the risk of delayed referrals and missed opportunities for effective salvage therapy. Based on our findings, one way to increase the quality of survivorship care would be to try to find ways to disseminate knowledge about PSA thresholds for disease recurrence. As cancer survivorship care plans are being implemented nationally within and outside VA, 25 future efforts should examine whether these plans lead to increases in guideline concordance and quality of cancer surveillance. Another relatively easy intervention would be for the laboratory to provide separate PSA test reference ranges for screening and surveillance after prostate cancer surgery, prompting referral to oncologists for values ≥0.2 ng/mL. Current surveillance PSA guidelines apply to all patients treated for prostate cancer, regardless of recurrence risk. Despite this, we observed differences on the basis of clinical characteristics. We found surveillance was higher among patients with positive margins. Although these patients are more likely to experience recurrence, 26 they are also more likely than patients with negative margins to be successfully salvaged by radiation in the setting of biochemical failure, 5 highlighting the importance of surveillance in this population. We did not observe differences according to comorbidity, though did identify decreasing surveillance among the oldest patients consistent with previous studies. 9, 10 Until better science emerges to help tailor PSA surveillance based on disease risk 27 and life expectancy, 28 it remains a guideline-recommended low-cost, low-risk intervention for men of all risk groups whose disease warranted definitive treatment with surgery.
Another novel and important finding in our study was lower guideline concordance among the youngest surgical patients. This finding from a national delivery system differs from previous reports of younger patients in smaller cohorts. 9 Decreased surveillance among younger patients raises concerns because they have a higher risk of dying of prostate cancer when they present with recurrence, often with aggressive disease compared to older men. 29 Moreover, due to lower competing mortality risks, 11 they also have a higher risk of dying from prostate cancer if salvage opportunities are missed due to poor quality surveillance (ie, inappropriate PSA thresholds). We also demonstrated a disparity on the basis of race, with lower surveillance for Black patients similar to prior studies. 9, 10 This disparity is particularly concerning, given Black men experience higher disease incidence and mortality. 30 Fortunately, the magnitude of this difference was small. Hispanic men actually had higher guideline concordance in this study than other populations, contrary to what has been demonstrated in the Medicare population. 10 Additionally, unmarried patients fare worse with respect to many health and prostate cancer-specific outcomes 31 including cancer surveillance in this study, suggesting that this population might also benefit from tailored interventions to ensure quality prostate cancer surveillance.
Overall, guideline concordance rates in our study were high and comparable to that of the Medicare population. 10 This is notable because it demonstrates that the VA is able to provide high-quality care for veterans, 16, 32 despite the fact that the population has higher prevalence of characteristics often associated with lower quality care, including low income, racial/ethnic minority status, and being unmarried. Future studies should emphasize the ways in which the VA succeeds at providing high-quality care to traditionally underserved populations (eg, telehealth, transportation support), as these principles could be applied in other settings.
Because our study was performed within the integrated Veterans Administration Healthcare system, it may not completely generalize the overall population or patients who receive more fragmented prostate cancer survivorship care. Nonetheless, our findings raise concerns about quality of surveillance that likely apply to non-VA settings. Another limitation is the risk of ascertainment bias due to patients undergoing PSA testing or receiving primary care provider (ADT) or radiotherapy (RT) outside of the VA. However, our sensitivity analysis in which patients were not censored based on ADT/RT receipt demonstrated a minimal impact on the significance of our findings. Our approach differed from that of other studies in which salvage and palliative therapies were not ascertained, obscuring other factors associated with surveillance. 9,10 By excluding PSA values obtained once patients established care with oncologists to obtain ADT or radiotherapy, our approach has the advantage of quantifying surveillance rates that more closely reflect the period for which surveillance was designed. With respect to PSA under ascertainment, patients would only have better guideline concordance if PSA tests were obtained elsewhere and there is no reason to suspect that this would have affected the relationships between PSA values or greater and less than 4 ng/mL.
| CONCLUSIONS
In conclusion, while the majority of patients received guideline-concordant PSA surveillance after prostate cancer surgery in this national delivery system, we found guideline concordance sharply increased when PSA values exceeded 4 ng/mL, suggesting providers may be using a screening threshold to make decisions about cancer surveillance. The screening threshold of 4 ng/mL is not relevant in the post-prostatectomy setting where 0.2 ng/mL is considered treatment failure, warranting salvage treatment discussions. Until further research demonstrates the clinical utility and feasibility of tailored cancer surveillance strategies, efforts should be made to increase surveillance for all patients whose cancer warrants treatment, including those with high-risk disease and barriers to care. New laboratory reference ranges may clarify PSA thresholds for early detection vs cancer surveillance, and survivorship care plans should emphasize adherence for younger and Black men to avoid missed opportunities for salvage treatment and improve quality of care.
